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ABSTRACT 

We search for extended Lya emission around two z > 6 quasars, SDSS J1030+0524 (z = 6.309) and 
SDSS J1148+5251 (z = 6.419) using WFC3 narrow-band filters on board the Hubble Space Telescope. 
For each quasar, we collected two deep, narrow-band images, one sampling the Lya line+continuum at 
the quasar redshifts and one of the continuum emission redwards of the line. After carefully modeling 
the Point Spread Function, we hnd no evidence for extended Lya emission. These observations set 2-cr 
limits of i(Lya, extended) < 3.2 x 10 44 ergs" 1 for J1030+0524 and L(Lya, extended) < 2.5 x 10 44 
ergs -1 for J1148+5251. Given the star formation rates typically inferred from (rest-frame) far- 
infrared measurements of z ~ 6 quasars, these limits are well below the intrinsic bright Lya emission 
expected from the recombination of gas photoionized by the quasars or by the star formation in the 
host galaxies, and point towards significant Lya suppression or dust attenuation. However, small 
extinction values have been observed along the line of sight to the nuclei, thus reddening has to be 
coupled with other mechanisms for Lya suppression (e.g., resonance scattering). No Lya emitting 
companions are found, down to a 5-er sensitivity of ~ 1 x 10~ 17 erg s _1 cm -2 arcsec~ 2 (surface 
brightness) and ~ 5 x 1CU 17 erg s~ x cm~ 2 (assuming point sources). 

Subject headings: quasars: general — quasars: individual (J1030+0524, J1148+5251) — galaxies: 
halos — galaxies: formation 



1. INTRODUCTION 

The host galaxies of very high-z quasars (z > 6), 
harboring > 10 9 M Q black holes, are thought to re- 
side in the highest den sity peaks in the universe (e.g., 
iVolonteri fc Reesl 120061 ) . Abundant cold gas reservoirs 
are necessary to feed the black hole growth in such a 
short time (the universe at z — 6 is less than 1 Gyr old). 
Such gas reservoirs would also likely be sites of exten- 
sive star formation. Studying host galaxies of quasars at 
z ~ 6 is therefore one way to study the build-up of the 
first massive galaxies. 

Indeed, a large fraction (30-50 %) of the z > 5 quasars 
observed at (sub-)mm wavelengths have been detected, 
reve aling far-infrared (FIR) luminosities 5x1 12 — 2x 10 13 
L^ (iPriddey et al.ll2003llBertoldi et al.l2003trW ang et al.1 
I2008al 120111 : ILeipski et al.1 120101 ). The spectral energy 
distributions of these objects suggest that star formation 
(rat her than black hole accretion) is powering dust heat- 
ing ilBeelen et all 120061: ILeipski et at] 120101: iWang et al.l 



2011). The associated star formation rates (SFRs) easily 
exceed several hundred M Q yr^ 1 . Such high star forma- 
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tion rates are in agreement with the detection of bright 
[Cll1i58Ltm emission t hat is extended on kpc scales (e.g. 
iMaiolino et~aH 120051: iWalter et all I2009D . Similarly, di- 
rect evidence for significant molecular gas reservoirs, ex- 
ceeding 10 10 M , in z ~ 6 quasar host galaxies has now 
been firmly establishe d through observations of the red- 
shifted CO emission dBertoldi et all 120031 IWalter et al 
[20031 [20041: ICarilli et al.1 120071: IWang"eTal.l I2007L WH 
Ricc hers et al.ll2009D . 

Despite these increasing observational constraints, sev- 
eral questions remain unanswered: How do quasar 
host galaxies accrete their gas? Is the gas dynami- 
cally cold, and accre ti ng through filaments (see, e.g., 
Haiman fc Reesl 120011 iDekel et all 120091 iDubois et all 



20121 iDi Matteo et al.ll2012D ? Arehost galaxies severely 



obscured? What is the escape fraction of UV and Lya 
photons pro duced in these su pposedly huge star forma- 
tion events (|Daval et al.ll2009f )? 

Key information to address these questions may 
come from the detection of extended UV and Lya 
emission around high-z quasars, in particular the lu- 
minosity, physical extent and morphology of their 
host galaxies and halos. Extended Lya emis- 
sion around radio galaxies and low- z quasars has 
been reported in the lite rature (e.g., iReuland et al.1 
| 2003llWeidinger et al.ll2005UFrancis fc McDonnelll 120061 
Christ ensen et alT T2006: Ba rrio et al.l 120081 iSmith et al.1 



l2009f) : however, so far deep observations hav e only been 
perfo r med f o r one z ~ 6 quasar, J 2329-0301 (jGoto et al.1 
[2001 [20T1 iWillott et all [2ml ). using ground-based 
imaging and spectroscopic observations. 

The present study aims to detect extended Lya emis- 
sion around two z > 6 quasars (for which suitable 
narrow-band filt ers exist), SDSS J103027.10+052455.0 
()Fan et al.ll200ll z = 6.309; hereafter, J1030+0524) and 
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Fig. 1.— Spectra of J1030+0524 and J1148+5251 (grey, dotted 
lines) compared with the throughput curves of the filters used in 
our analysis (red, dashed lines) and with the expected profile of 
a 300 km s — 1 -broad Lyo line arising from the host galaxy (blue, 
solid lines). The redshift of the host galaxy is accurately defined 
by CO and [Cn] observations for J1148+5251, and by the quasar 
MgH line for J1030+0524. Spec tra of the two q uasars are taken 
from lPentericci et al.l (200_fl and lFan et"aH (2003 ). 



SDSS J114816.64+525150.3 (jFan et alJ 12001 z = 6.419; 
hereafter, J1148+5251). The unique angular resolution 
offered by the Hubble Space Telescope (HST) allows us 
to disentangle the unresolved quasar light from any ex- 
tended emission. We use the new narrow-band imaging 
capabilities offered by the Wide Field Camera 3 (WFC3) 
in order to sample both the pure continuum ('OFF' im- 
ages) redwards of Lya and the Lya + continuum ('ON' 
images). Through accurate modeling of the PSF and its 
uncertainties, we will be able to constrain the presence 
of extended emission around the target quasars. 

Throughout the paper we will assume a standard cos- 
mology model with Ho = 70 km s _1 Mpc -1 , D, m = 0.3 
and = 0.7. 

2. WFC3 OBSERVATIONS 

We use the 'quad- filters', i.e., a set of four differ- 
ent narrow-band filters, each covering simultaneously 
about 1/6 of the WFC3/UVIS field of view (~ 1 
arcmin 2 ). For J1030+0524 (J1148+5251), we used the 
FQ889N (FQ906N) filter for the ON images and FQ906N 
(FQ924N) for the OFF images. Figure [Q illustrates the 
throughput curves of the adopted filters, the spectra of 
the quasars and the redshift of the predicted Lya emis- 
sion from their host galaxies. The redshift is accurately 
defined by the CO and [C n] redshift of the source in the 
case of J1148+5251 and by the MgH line for J1030+0524. 

Observations were carried out during HST Cycle 17 
(proposal ID: 11640). J1030+0524 was observed in two 
complete Observing Blocks (OBs; executed on 2010-01- 
28 and 2011-01-15) in both the ON and OFF setups (to- 
tal integration time per OB: 5660 s in the ON setup, 
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Fig. 2. — Line+continuum (ON, top row), continuum (OFF, mid- 
dle row) and residual images of J1030+0524 and J1148+5251, in 
the three OBs used in our analysis. Residual images are obtained 
as the difference between ON and OFF frames, after scaling the 
latter in order to match the flux of the former in the central 5x5 
pixels. The stretch of the color scale is linear. The scale and ori- 
entation of the images are the same in all the panels, as labeled 
in lower left, lower right, respectively. For a comparison, the st ar- 
burst traced by [Cn] emission observed by Walter et al. (2009) in 
J1148+5251 has a physical extension of ~ 0.3", while the mo lecu- 
lar gas is distributed on scales of ~ 0.5" (Walter et al. 2004|). No 
significant pure-line emission is detected around the quasar PSFs. 

5633 s in the OFF setup). During each OB, the ON and 
OFF observations were performed subsequently, in a ON- 
OFF-OFF-ON sequence. J1148+5251 was observed once 
(2011-03-06) in the ON and OFF setups (total integra- 
tion time: 6183 s for the ON setup, 6167 s for the OFF 
setup). 

Our analysis is based on data products delivered by 
the HST pipeline. Photometry is defined following the 
WFC3 handbook Theoretical zero points in the AB 
system are computed based on the PHOTFLAM and 
PHOTPLAM keywords and further corrected to account 
for the deviations from on-sky to theoretical zero points. 

Figure [2] shows the pipeline-reduced images of 
J1030+0524 and J1148+5251 in the three OBs used in 
this study. We do not stack the two OBs available for 
J1030+0524, in order to preserve the PSF properties in 
the two observations (collected on different dates), and 
to have a better control of the noise properties of the 
background. 

The measured aperture magnitudes of the two quasars 
in all the OBs are consistent within 0.2 mag with the 
expected fluxes as derived from the spectroscopy (see 
Figure [T]) . This small difference is likely due to abso- 
lute flux calibration uncertainties, slit flux losses in the 
spectra and intrinsic quasar variability. 

3. PSF MODELS 

In order to put constraints on extended Lya emission 
in our targets, we need to model the dominant emission 

8 http: / /www. stsci.edu/hst/wfc3/phot_zp_lbn 
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Fig. 3. — PSF variations due to field degradation left panel and HST breathing ("focus"; right panel) for J1030+0524, in the FQ889N 
filter. Left: Difference between the PSF-subtracted light profiles of J1030+0524 and other unresolved sources in its field. Significant 
variations are observed. The PSF model is chosen to reproduce a point source at the quasar position, while the field stars are 16", 44" and 
52" from it, respectively. Solid lines show PSF model uncertainties (see section \3\ for details). Right: Radial profiles of the Tiny Tim PSF 
models corresponding to the average (fl), the maximum (f2) and the minimum (f3) focus values. In the bottom panel, the residuals after 
the subtraction of the average PSF are shown. 

els3, the focus changed significantly during the execution 
of the OBs. Nevertheless, variations of the PSF at these 
wavelengths are limited: Figure|3l right compares the ra- 
dial light profile of the model PSF at the average, highest 
and lowest values of the focus during the execution of the 
various OBs. The most important variations appear at 
aperture radii between 0.2" and 0.3". From these models, 
we adopt the PSF models that best match the observed 
quasar profile at these radii. 

PSF uncertainties shown in Fig. [3] are defined as the 
quadrature sum of the PSF variations due to focus fluc- 
tuations and formal uncertainties in the PSF profile due 
to pixelization, Poissonian errors and background rms. 



due to the central (unresolved) quasar. A common prac- 
tice in quasar host galaxy studies is to model the quasar 
emission based on the images of foregr ound stars in the 
field (see, e.g.. iKotilainen et al.l 120091 ). This approach 
is sensitive to spatial variations of the PSF across the 
field. In order to evaluate these variations, we compare 
the radial profile of three stars in the field of J1030+0524 
(OB2, ON; the field of J1148+5251 does not contain suit- 
able stars and therefore cannot be used for this experi- 
ment). FigureEl left shows the surface brightness profiles 
of these sources after the subtraction of a common Tiny 
Tim PSF model centered at the quasar position. The 
PSF quality degrades (i.e., PSF wings are more promi- 
nent) as the distance from the quasar position increases. 
Thus the PSF of field stars cannot be used as a model 
for the quasar PSF. 

Alternatively, one can use the OFF frames (including 
only the continuum emission) to model the quasar image 
in the ON images. The major advantage here is that 
the frames are always centered on the target (i.e., field 
variations of the PSF are minimized) and observations 
are carried out with the same focus conditions. However, 
this approach relies on the hypothesis that the quasar 
host galaxy does not show any extended emission in the 
continuum, which is an assumption we first need to test. 

We therefore use HST PSF models as simulated using 
Tiny Tim. According to the WFC3 handbook, the PSF 
Full Width at Half Maximum (FWHM) shows -0.3% 
variations as a function of the HST "breathing" (i.e., fo- 
cus variations due to various causes, including thermal 
expansion of the satellite) at 800 nm, decreasing with in- 
creasing wavelength. According to focus variation mod- 



4. RESULTS 

In this section we describe how we use these data to 
search for Lya emission arising from the host galaxies 
(Sec. 14. ip . from any filamentary structure around the 
quasars (Sec. 14. 2[) and from possible companion sources 
(Sec. 14. 3p . We then present the results for our two 
sources. 

4.1. Extended Lya emission in the host galaxies 

In order to investigate the presence of any extended 
emission arising from the host galaxies of our targets, we 
compare the observed ON and OFF light profiles of the 
observed quasars with those of the PSF models (Fig.|4|). 
The PSF model is normalized to match the o bserved to- 
tal flux of t he quasar. Using GALFIT (v. 3.0.2 Pen g et all 
120021 12010ft , we simulate the light profile of a host galaxy 
of total magnitudes 19, 20, 21 and 22 mag (AB sys- 
tem). We assumed a Sersic profile with ellipticity=0.5, 



9 http: / /www.stsci.edu/hst/observatory/focus/FocLisModel/#:5 
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R e = 1", 0.5" and 0.14" (1" » 5.5 kpc at the redshift of 
our targets) and n s =2. The sampled range of effective 
radii is defined to rep roduce the size of the Lya extended 
emission reported bv lWillott et al.1 (|2011ft in J2329-0301 
at z = 6.417 (diameter of ~ 15 kpc) and more compact 
CO and [C n] e mission in the h ost ga laxy of J1148+5251. 
as rep orted by iWalter et al.l (120041) an d Ricchcr s~et al.l 
(2009) (CO: 2.5 kpcl and I Walter et al.l ([20090 ([Cn]: 1.5 
kpc). We find that our results are practically indepen- 
dent of the ellipticity and the effective radius of the host 
galaxy model for 0.14" < R e < 1". 

4.2. Signatures of gas accretion 

According to the models by IHaiman fc Reesl (|2001l ). 
the Lya emission arising from gas surrounding quasar 
host galaxies at high-z can be as bright as 10~* 6 erg 
s -1 cm -2 arcsec -2 . More recently. iGoerdt et al.l ((201Clh 
showed that cold gas accreting can give rise to signifi- 
cant (up to few times 10 -17 erg s -1 cm -2 arcsec -2 for 
relatively massive galaxies at z = 2.5) Lya emission on 
10-100 kpc scales. Such streams are p otentially able to 
survi ve quasar feedback at very high-z (|Di Matteo et al.l 
120121) . 

In order to identify any pure line extended emis- 
sion around the quasars, we create 'residual' images 
by subtracting properly scaled OFF images from the 
line+continuum images ('ON'). The scaling is set to 
match the total flux observed in the central 5x5 pix- 
els (« 0.2" x 0.2", roughly corresponding to the core 
of the PSF). The resulting 'residual' images therefore 
are quasar-subtracted and allow us to investigate the 
presence of any extended, pure-line emission around the 
quasars (Fig.[2J bottom panels). 

4.3. Lya emitting companions 

Finally, we compare the sources detected in the ON 
images with those in the OFF images, in order to look 
for Lya emitters in the field of our quasars. The FQ889N 
and FQ906N filters are sensitive to Lya emission arising 
from objects in the redshift ranges 6.279 < z < 6.355 and 
6.415 < z < 6.492 respectively, each corresponding to a 
comoving volume of «0.18 Mpc 3 (in the 1 arcmin field 
of view). The 5-er detection limit for point-sources in 
these two filters is 23.43 mag and 23.37 mag (1.9 x 10 -16 
erg s -1 cm -2 and 1.5 x 10 -16 erg s -1 cm -2 ) respectively. 
The observed number density of Lya emitters exceeding 
this flux limit in a blank fiel d at z ~ 6.2 is ~ 10 
Lya emitter per arcmin 2 fe.g-. IOuchi et all 120 10). This 
implies that no Lya emitter is expected in this volume, 
for any reasonable overdensity, given our sensitivity. 

4.4. Results for J 1030+0524 

The light profiles of J1030+0524 (Fig. do not show 
any extended component. The small light excesses in the 
OFF observations (of both OBs) at radii > 0.5" are due 
to cosmic ray residuals which are observed in different 
positions in the two OBs (see Figure [5]). We can set an 
upper limit to the magnitude of the extended component 
by comparing the observed profile with the ones simu- 
lated using GALFIT. We focus on the 0.2" - 0.8" scale, 
i.e., where the deviations from a PSF are expected to be 
significant but the signal is still high and the PSF models 
are still reliable. Given the uncertainties in the observed 



light profiles and in the PSF model, a host of « 21 mag, 
both for the line and the continuum, is ruled out at 2-cr. 
Assuming a gaussian model for the Lya line emission, 
with FWHM=300 km s -1 and centered at the redshift 
of the quasar (z = 6.309, see Figure [lj, we convert the 
limit set by the ON images into a Lya flux limit tak- 
ing into account the actual throughput curve of the filter 
and the redshift of the quasar host. We find F(Lya,host) 
< 7.1 x 10 -16 erg s -1 cm" 2 , i.e., L(Lya,host) < 8.3 x 10 10 
Lq or < 3.2 x 10 44 ergs -1 . For the continuum, assuming 
an SED with constant F v for the fc-correction, we obtain 
a limit on the UV rest-frame luminosity of the host of 
M1450 > -25.8 mag. 

A visual inspection of the 'Residual' images reveal no 
significant filamentary structure within few arcsec of the 
source. The comparison between the images of the two 
OBs allow us to discard all the low-significance blobs 
within 5" from the quasar as cosmic ray residuals. We es- 
timate a 5-cr surface brightness sensitivity of ~ 1 x 10" 17 
erg s -1 cm" 2 arcsec -2 (using a 1 arcsec 2 aperture). As 
expected, no Lya emitter is found in the 1 arcmin 2 field 
around the quasar, down to a point-source sensitivity of 
2.5 x 10 43 erg s -1 (5-cr). 

4.5. Results for Jl 148+5251 

The light profile of J1148+5251 also does not show 
any extended component. In this case a small excess is 
seen at ~ 1" in the ON observation. This is most likely 
due to an observational artifact (see below). Following 
the same approach as adopted for J1030+0524, we can 
exclude a host galaxy brighter than « 21 mag in the ON 
image (the light profile being perfectly consistent with a 
point-source), and ~ 21 mag for the continuum. These 
limits yield a Lya flux from the host of < 5.4 x 10 -16 
ergs -1 cm -2 , i.e., i(Lya,host) < 6.6 x 10 10 L© or < 
2.5 x 10 44 ergs -1 . The limit on the host continuum is 
-M1450 > -25.8 mag. 

Our observations of J1148+5251 have a depth similar 
to those of J1030+0524, yielding similar limits on the 
surface brightness (~ lx 10 -17 erg s -1 cm -2 arcsec -2 at 
5-<7 significance, for a 1 arcsec 2 aperture). A bright spot 
is observed 1" South of the quasar in the ON image (see 
Fig. [2]) , but a careful inspection of the individual frames 
reveals that it is most likely a cosmic ray residual. No 
other sources exceed the 5-cr sensitivity limit for point 
sources (corresponding to Lya luminosities of 2.6 x 10 
erg s -1 ) within 1 square arcmin around the quasar. 

5. DISCUSSION AND CONCLUSIONS 

Our observations set limits on the extended emission 
of the UV continuum and of the Lya emission in two 
quasar host galaxies at z > 6. The former are not very 
stringent (due to the narrow width of the filters adopted 
in our study). Using th e UV continuum luminosity as a 
probe of star formation (jKennicu ttl fT998h . we obtain a 2- 
o~ limit on the UV-based SFR of < 1200 M yr -1 , assum- 
ing a Salpeter IMF. These UV-based limits are in broad 
agreement with the FIR-based estimates of SFR~1700- 
3000 Ma yr -1 repo rted for Jl 148+5251 (jMaiolino et al.l 
2005; W alter et all 12009ft if a modest extinction correc- 
tion (A\jy w 0.4 mag) is applied. 

On the other hand, the limits on the extended Lya 
luminosity put tighter constraints on the physical prop- 
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Fig. 4. — ON and OFF light profiles of J1030+0524 (left panels) and J1148+5251 (right panels). The expected profile for a point-source 
plus a host galaxy with a Sersic profile with R e = 1", n s = 2, ellipticity=0.5, and magnitude (of the extended component only) of 19, 
20, 21 and 22 mag are plotted with dotted lines from dark to light grey. Error bars are computed as a combination of Poissonian errors, 
pixclizations and background rms. No obvious extended emission is observed in any of the panels: the light profiles of the two targets are 
fully consistent with the unresolved, emission from the quasars. Hosts of total magnitude = 21 would have been detected in our observations 
with >2-<r significance. 



erties of our targets. Two obvious sources of ionizing 
radiation are present in our targets, namely the accret- 
ing black holes and (at least for J1148+5251) the intense 
starburst seen at mm wavelentghs. Both these processes 
are expected to power Lya emission. If Lya emission is 
powered by the quasar emission, we can estimate the ex- 
pected Lya emission from the host galaxies by modeling 
the ISM as cold gas clouds absorbing and re-emitting the 
light from the quasar. In this scenario, modulo geomet- 



rical factors of the order of unity, and assuming that the 
ISM clouds are optically thick to ionizing photons, the 
Lya luminosity would be: 



Z(Lya)«0.4/ c Li, 



(1) 



where f c is the covering factor of the clouds and Lion, 
is the io nizing luminosity arising from the black hole ac- 
cretion (|Hennawi fc Pro chaska 2012). Extrapolating the 
quasar SED observed in the rest-frame UV and optical 
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wavelengths using the template bv lElvis "e t al. (1993), we 
estimate that L ion w (3.3 — 5.4) x 10 46 erg s _1 for the 
two sources. Assuming / c =0.1, we infer expected Lya 
luminosities of » (1.3 — 2.2) x 10 45 erg s _1 , i.e., one or- 
der of magnitude higher than the upper limits set by 
our observations (provided that the ISM clouds are dis- 
tributed over a ~ kpc scale or more, i.e., resolved in our 
observations) . 

If Lya emission is associated with star formation, we 
can infer Lya luminosities from the FIR-based estimates 
of the SFR (th rough the SFR-Ha relation reported in 
lKennicuttlH998l ). by assuming a standard case B recom- 
bination factor of 8.7 for the Lya/Ha luminosity ratio,: 



£(Lya) 
10 43 erg s- 



= 0.11 



SFR 



M 



© yr" 



(2) 



In the case of J1148+5251 , with a star formation rate of 
1700-3000 (jMaiolino et all2lMIWalter et al.ll2009h . this 
implies an expected Lya luminosity of (1.9 — 3.3) x 10 45 
erg s _1 , i.e., one order of magnitude higher than the limit 
set by our observations. 

This difference between expected Lya luminosities and 
the observational constraints can be explained by invok- 
ing some mechanisms to suppress Lya emission. Dust ex- 
tinction is likely playing a role. A factor > 10 (^4uv > 2.5 
mag) of extinction is required to explain our limits. Such 
a high extinction value is not unexpected in FIR-bright 
sources, but is at odds with the relati vely low extinc- 
tion o bserved towards the central quasar: IGallerani et al.l 
(2010) collected low-resolution spectroscopy of the rest- 
frame UV emission for a number of high-z quasars, in- 
cluding the two in our sample, and computed extinc- 
tion values at 3000 A (rest frame). They find no signif- 
icant reddening for J1030+0524 and A 3000 = 0.82 mag 
(i.e., Aijy w 1.3 mag at the wavelengths probed in the 
present study) for J1148+5251. These relatively mod- 
est extinction values, compared with the limits set by 
our observations, suggest a different geometry for the 
highly-opaque dust associated with the kpc-wide star- 
burst and the optically-thinner dust along the line of 
sight to the quasar (we note however that FIR-bright 
quasars t end to have faint Ly a nuclear emission as well; 
see, e.g.. iWang et al.l l2008bl ). Alternatively, resonance 
scattering may prevent Lya emission from emerging out 
of the star forming regions. While this effect alone 
is not sufficient to explain the lack of strong Lya ex- 
tended emission, it could mitigate the discrepancy if cou- 
pled with dust extinction: In this scenario, Lya pho- 
tons from the host repeatedly bounce among optically- 



thick clouds through dusty regions, and get significantly 
extincted before escaping the host galaxy. Alterna- 
tively, Lya emission may be dim due to a deficit of 
neutral hydrogen around these b right quasars (see, e.g., 
iFrancis fc Bland-Hawthorn! 120041 ). This scenario, how- 
ever, would be in contrast with the large reservoirs of 
cold gas observed at mm- wavelengths. 

It is interesting to compare our limits with the ex- 
tended Lya emission reported around an other z ~ 
6 qua sar, J2329-0301 (z = 6.417). iGoto et all 
(2009) report a diffuse Lya emission of 6.0 x 10" 19 
ergs" 1 cm -2 A -1 over an extended region (R e « 2") 
based on narrow-band imaging with the 8.2m Subaru 
telescope. This implies a diffuse Lya luminosity of 3.6 x 
10 44 ergs" 1 , comparable to the limits set by our obser- 
vational. More recently, the same group rep orted spec- 
trosc opic observations of the same source (|Goto et al.l 
l20ll . The extended Lya emission has an integrated 
flux of (3.6 ± 0.2) • 10" 17 ergs" 1 cm" 2 , i.e., 20 times 
fainter than the value repo rted in their imaging observa- 
tions. iWillott et aD (|2011h . using long-slit spectroscopy 
also, found evidence of extended Lya emission around 
the same source. However, they report a lower limit on 
the Lya flux of > 1.6 x 10 -16 erg s" 1 cm" 2 (the lower 
limit is due to slit losses and masking of the quasar- 
dominated area). These last values are comparable with 
the upper limits set by our observation s. Following the 
same approach as in lWillott et al.l (|2011| ). we re-analysed 
the Keck HI RES spectra of J1030 +0524 and J1148+5251 
presented in iBolton et al.l (|2012f) . No Lya emission is 
observed on scales exceeding the seeing radius, down to 
limits comparable with those set by our imaging study. 
If Lya halos were present around the two targets exam- 
ined in our work, they are less prominent than the one 
reported in J2329-0301. 
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